Introduction
Haterius (1936) , Zeiner (1943) and Alexander & Frazer (1954) noted distortion or elongation of fetuses in rats ovariectomized in the second half of pregnancy, and stated that it was apparently due to increased intrauterine pressure. The increase in uterine pressure in ovariectomized pregnant rats can be prevented by appropriate treatment with ovarian hormones. This study is designed to examine the effects of progesterone and oestrogen on uterine plasticity in the stage of rapid fetal growth in late pregnancy in rats.
Materials and Methods

Animals
Adult virgin, female Sprague-Dawley rats bred in this laboratory were used. They were mated with males at a body weight of 180-220 g. The day when spermatozoa were observed in vaginal smear was designated as Day 1 of pregnancy. Rats were bilaterally ovariectomized on Day 14 of pregnancy and treated daily with 4 mg progesterone alone or with 0-2 µg oestrogen per day. The steroids were dissolved in 0-2 ml sesame oil and injected subcutaneously at 16:00 h each day.
Determination of intrauterine pressure
Intrauterine pressure was determined in the morning on Day 20 of pregnancy. The abdomen of the rat was opened under ether anaesthesia. The conceptus products of one live fetus were removed through a small incision on the antimesometrial side of the uterine wall about 1-2 cm distant from the ampulla. An empty balloon was inserted into the ampulla through the incision, and was inflated to a volume of 2-5 or 2-8 ml. The balloon was made of a thin latex and connected by polyethylene tubing to a mercury manometer. The balloons used were of a constant size, so that when inflated to the volume of 2-5 ml the pressure within the balloon was 20-25 mmHg, and when inflated to 2-8 ml the pressure was 27-32 mmHg; as long as the pressures within the balloons were in these ranges the balloons were used repeatedly. The tolerance of the uterine wall against inner volume was determined by gradually increasing the volume of water in the intra-ampullary balloon from 2-0 to 6-5 ml at the rate of 0-2 ml/10 sec. Ampullary borders on both sides of the balloon were tied with sutures to restrict the balloon to the ampulla during inflation. Tolerance was expressed in terms of volume of water in the balloon at the time the uterine wall ruptured.
Immediately after the determination of the intrauterine pressure and tolerance, the animals were killed. The average volume of live fetuses and placentas in each litter was determined by displacement of saline in a graduated cylinder.
Results
The fetuses, removed for the insertion of a balloon, from rats treated with progesterone alone had to be cut into several pieces for removal because of the tight constriction ring, but fetuses in intact controls and rats treated with progesterone + oestradiol-17ß were easily removed without damage. To examine the effect of the transudate from cut fetuses on the intrauterine pressure, several fetuses were cut into pieces before removal in intact and ovariectomized progesterone + oestradiol-treated rats. This procedure had no effect on the pressures recorded and the measure¬ ments were combined. The results are presented in Table 1 . Intrauterine pressure in rats treated with progesterone alone (Group 2) ranged between 11 and 27 mmHg, and the mean value was about 4 times greater than that in intact controls (Group 1). Daily treatment with progesterone + oestradiol (Group 3) maintained the pressure at control levels.
The potency of the three oestrogens tested for the maintenance of lower level intrauterine pressure in ovariectomized, progesterone-treated rats was compared (Groups 4-6). In a preliminary study, treatment with 0-2 µg oestradiol-17ß on Days 16 and 17 of pregnancy was sufficient for the maintenance of normal pregnancy in ovariectomized, progesterone-treated rats, and this daily dose was therefore used for the potency studies. In Groups 1-3, the balloon volume of 2-5 ml was larger than the average volume of fetus and placenta in Group 1, but smaller than the volumes in Groups 2 and 3. However, in Groups 4-6 the pressure was deter¬ mined at a balloon volume of 2-8 ml which was larger than the volume of fetus and placenta in any group. The results (Table 1) showed that the potency of the oestrogens was in the order of oestradiol > oestriol > oestrone.
In samples from Groups 1-3, the tolerance of the uterine wall to withstand increasing intraampullary balloon volume was determined. Among rats treated with progesterone alone (Group 2) uterine walls ruptured at an average balloon volume of 4-3 ml. Uteri in 2 rats treated with pro¬ gesterone + oestradiol ruptured at a balloon volume of 9-2 and 9-6 ml, and uteri in 2 intact controls ruptured at 10-6 and 8-8 ml. Since inflation to greater volume reduced the elasticity of the balloons, the inflation was stopped at 6-5 ml thereafter; and in Groups 1 and 3 all uteri examined withstood a volume of up to 6-5 ml.
Discussion
The present study was undertaken to measure the overall tension of the uterine wall in late pregnancy. According to Fuchs (1978) , the uterus of the unanaesthetized rat exhibits spontaneous contractions throughout pregnancy, but anaesthesia suppresses the uterine activity and makes the uterus less sensitive to oxytocic agents. Under the present conditions of deep ether anaesthesia uteri were quiescent and no fluctuations were observed in the intrauterine pressure, although the method used for recording was sensitive to small changes in balloon pressure.
Treatment with oestrogen + progesterone prevented the abnormal increases in uterine pressure in progesterone-treated ovariectomized rats, and increased adaptability of the uterine wall to the increasing volume of the intra-ampullary balloon. These results indicate that oestrogen increases the plasticity of the uterus.
As the experimental procedure for the replacement of a conceptus with a balloon is traumatic, it may have stimulated the release of prostaglandins from the uterine tissue. How¬ ever, there is no evidence that the uterine tissue of ovariectomized rats treated with progesterone alone produces more prostaglandins than that of rats treated with progesterone + oestrogen (Ramwell, Leovey & Sintetos, 1977 (Harkness & Harkness, 1954) , and the combined treat¬ ment of progesterone and oestrogen produces a rapid accumulation of collagen in the uteri of ovariectomized rats (Morgan, 1963; Smith & Kaltreider, 1963) . The administration of pro¬ gesterone or oestrogen alone had no distinct effect on the collagen content in the whole uterus, but histological studies showed that oestrogen is necessary for the deposition and maintenance of collagenous bundles in the rat endometrium (Fainstat, 1962) . Oestrogen also causes accumu¬ lation of mucopolysaccharides, which bind to water-soluble proteins and collagen fibres in the ground substance (Zachariae, 1958; Smith & Henzl, 1969) . Thus the accumulation of collagen and mucopolysaccharides, together with increased water uptake after oestrogen treatment, will improve the plasticity of the uterine wall. Oestriol exhibited a higher potency than oestrone for increasing the uterine plasticity but the physiological significance of this observation remains to be investigated.
Unlike oestrogen, progesterone is known to block the synthesis of mucopolysaccharides (Smith & Henzl, 1969) and the lower plasticity of the uterine wall in ovariectomized, progesterone-treated rat may be partly due to this action of progesterone.
The present results suggest that oestrogens improve plasticity of the uterus of the pregnant rat, thereby maintaining proper intrauterine pressure for the growing fetuses in late pregnancy.
